Introduction
The form and structure of polychaete chaetae are important in the taxonomy and systematics of the group. For the Nephtyidae, most authors have interpreted chaetae through observations made using stereo compound light microscopes (Ehlers 1868 (Ehlers , 1887 McIntosh 1885 McIntosh , 1900 Hartman 1938 Hartman , 1950 Hartman , 1968 Banse 1959; Hartmann-Schröder 1959; Fauchald 1965 Fauchald , 1968 San Martin 1982; Imajima & Takeda 1985 , 1987 Hilbig 1994 Hilbig , 1997 Mackie 2000; Dnestrovskaya & Jirkov 2001; and others) .
However, the small size of chaetae makes complete resolution of structural detail difficult with stereo compound light microscopy (LM). In addition, light aberrations can influence the interpretation of features seen, and affect the accuracy of drawings made. Scanning electron microscopy (SEM) can *Correspondence: N. Yu. Dnestrovskaya, Department of Hydrobiology, Biology Faculty, Moscow State University, 119899, Moscow, Russia. Tel: +7 4959392573. Email: ndnestro@mail.ru reveal fine structure in much more detail, but such investigations are rare (e.g. Hausen 2005a; Martin et al. 2009; Nogueira et al. 2010 ). This study was undertaken to clarify nephtyid chaetal structure using LM and SEM.
Material and methods
This study is based on material collected by Russian and Soviet expeditions and deposited at the Department of Hydrobiology of Moscow State University (DHMSU), Zoological Museum of Moscow State University (ZMUM), and Zoological Institute of Russian Academy of Science (ZIN), St Petersburg (formerly Leningrad). In addition, Micronephthys hartmannschroederae was obtained from the Zoological Museum and Institute of the University of Hamburg (ZMH). The sampling area covers most parts of the Arctic Ocean, from the Faroe Islands and Iceland to the Bering Strait, and from the upper shelf to abyssal depths ( Table I) .
The Barents Sea and the White Sea are the best investigated areas, but samples from the Norwegian and Siberian Seas are also numerous. Specimens were fixed in a 4% formaldehyde seawater solution and transferred to 70% alcohol (ethanol or isopropanol).
Parapodia were cut from the worms and placed in 95% ethanol for 3-5 h, then placed in an ultrasonic generator for 5 min to clear the chaetae of mud particles. The parapodia were subsequently dried on filter paper and transferred to 100% ethanol. After several days, the parapodia were dried as before and glued to SEM stubs then slightly dried near a heater for two or three days and covered by 25 nm Au-Pd for examination at Camscan S-2 Cambridge Instruments 20kv, and a secondary electron image was taken. The following abbreviations have been used: S (chaetiger) followed by a number referring to the segment order (e.g. S-1 means first chaetiger).
Results
The parapodia of Nephtyidae have two large, widely separated branches. The chaetae in each branch are arranged in a deep 'U' around the acicular lobe, with pre-and postacicular 'U'-limbs pointing away from the interramal space constituting the pre-and postacicular rows (Rainer 1984 (Rainer , 1989 (Rainer , 1990 (Rainer , 1991 . The literature usually refers to these as pre-and postacicular chaetae.
All nephtyid chaetae are simple. Under LM, four basic types of chaetae are easily discerned: barred (specific for Nephtyidae), capillary, chaetae with spines, and lyrate (present only in some Aglaophamus and Micronephthys, but absent in species investigated here). The short (growing) chaetae of all types are seldom seen, though they can be found on any chaetiger.
Epitokous individuals have increased numbers of chaetae, which are more elongated also; no specialized chaetae or parapodial modifications occur.
It should be noted that chaetae examined under LM (using oil immersion), often seem striated with parallel longitudinal stripes ( Figure 1A ). SEM photos of fully formed and damaged chaetae reveal collagen fibrils within the chaetae giving this longitudinal striation ( Figure 1B-D) .
The collagen fibrils consist of coiled microfibrils, which are composed of triple helices containing the coiled protein chains (Hilbig 1986 (Hilbig , 1989 Hausen 2005a Hausen , 2005b .
Barred chaetae (scalloped in profile, Figure 1F , LM), unique to Nephtyidae, are present only in preacicular rows, first appearing in notopodia of C-1 and neuropodia of C-2.
These chaetae are very flexible and can coil because of their small diameter during the drying process for SEM ( Figure 1G,H) . SEM photos show clearly that the barred striations are caused by constriction of the chaetae's body. Transverse sections examined using LM reveal no internal chambers and SEM photos show only a central band of fibrils surrounded by a friable substance ( Figure 1I ).
Barred chaetae of C-1 to C-4 are almost completely transversely striated. On subsequent chaetigers the barred striations do not occur throughout the length of the chaetae; a small unbarred granular area occurs at the base of each chaeta ( Figure 1E ). The barred chaetae of the posterior-most chaetigers are much thinner and longer and their unbarred part comparatively longer. At the most posterior chaetigers the barred striations on the long chaetae are weak.
Capillary chaetae first appear in the postacicular rows of C-1. At posterior chaetigers they usually form bunches above and below the acicular lobes. In addition, a small number are usually present in the postacicular rows. All capillary chaetae can be divided into thin and truly smooth ( Figure 1J,K) , and thicker ones bearing very small scattered spines that are visible only by SEM ( Figure 1L) , so we will regard them as chaetae with spines. Short smooth chaetae could be the emergent tips of developing chaetae of other types. Chaetigers with well-developed branchiae can bear up to 30 capillary chaetae, and these are more numerous toward the interramal spaces than the external margins.
Lyrate chaetae are located only in postacicular rows of some species of Aglaophamus and Micronephthys.
They are absent in nephtyids from the Arctic Ocean. However, we did examine by LM the lyrate chaetae of M. oculifera in the collections of the National Museum of Wales ( Figure 1O ) and A. dibranchis in the collection of the American Museum of Natural History by SEM ( Figure 1N) .
Chaetae with spines: fully formed chaetae usually have a smooth basal region; however, spines exist on the 'bases' of short developing chaetae. Chaetae with spines are usually present in postacicular rows and are of several types.
In the first type, spines are small, sporadically scattered along the chaetal length. These spines are clearly visible using SEM but, using LM, the chaetae appear slightly striated or sometimes smooth (N. assimilis, N. cirrosa; Figure 1L ,M). Some authors (Hutchings & Glasby 1988; Nogueira et al. 2010 ) also noted (for Terebellomorpha) that most of the so-called smooth-tipped chaetae are finely denticulate at high magnification. In the studied species, this type of chaeta occurs only in some Aglaophamus and Nephtys. These chaetae tend to be grouped above and below the acicular lobes (N. assimilis; Figure 1M ). However, in N. cirrosa, such chaetae occur in the middle of postacicular rows ( Figure 1L ), and the bunches above and below the acicular lobes are represented by capillary chaetae only.
The second type has spines in one lateral row (serrated). Such chaetae have smooth basal regions (Figure 2A ), then small sporadically scattered spines appear prior to forming a single lateral row of large spines ( Figure 2B-D) . One or two small spines may initially accompany each large spine, but these soon disappear ( Figure 2E-G) . The chaetal tips lack spines. Older chaetae may lose spines due to breakage ( Figure 6H,I) .
The third type -the geniculate chaetae -was described for N. cirrosa. They are similar to the second type, but smaller and curved in the middle ( Figures 3A-E, 6A-C) .
San Martin (1982) described a fourth type of chaetae with spines; dentate chaetae on notopodia of C-1 in Micronephthys maryae. Such chaetae were absent in the material examined.
The nephtyid species studied have a fifth type in which the spines form very characteristic transversal rows ('combs') ( Figure 4A,D,L) . Some authors (Rainer & Hutchings 1977; Rainer 1984 Rainer , 1989 Rainer , 1990 Rainer , 1991 Rainer & Kaly 1988; Hilbig 1994 Hilbig , 1997 separated spinose and spinulose chaetae. The only difference between these types is the size of spines: fine in spinulose and coarse in spinose. However, this difference is subjective; fine for one seems coarse for another, and vice versa. Among species studied by SEM we cannot easily separate spinose and spinulose forms, so we prefer to call all of them spinose. These have the smooth basal regions ( Figure  4B ), although scattered spines soon appear ( Figure  4C Figure 7E) ; combs can sometimes detach entirely ( Figure 4M ). In the distal regions of the chaetae, the size of the comb spines decrease and their number reduce to 3-4 per row ( Figure 4E ), before they become scattered in irregular rows, and then separate small spines ( Figure 4F ). The tips are smooth ( Figure 4G ).
In the literature, drawings (using LM) of chaetae with transverse rows of spines may be found, where the apical spines seem much larger than the others ( Figures 4H,I, 9A ). However, we believe that these are optical aberrations and the spines are actually of similar size, as in other spinose (type 5) chaetae (Paraketsova 2000) . 
Discussion
Both examined species of Aglaophamus (A. malmgreni and A. rubellus) have spinose chaetae ( Figure  7A-E) . In Nephtys, such chaetae are found in all arctic and north-boreal species (with species ranges include at least the Norwegian Sea, and often more northern areas): N. caeca, N. ciliata, N. longosetosa, N. paradoxa, . However, in all south boreal-lusitanian species (with species ranges including regions to the south from the Norwegian Sea) -N. assimilis, N. cirrosa, N. hombergii, N. It is remarkable that these two groups of species perfectly agree with the results of Ravara et al. (2010) based on the phylogenetic analysis of other morphological characters.
In Micronephthys, the pattern is somewhat the opposite: arctic and north-boreal species (M. minuta and M. neotena) have only serrate chaetae ( Figure  8A-G) , while the south boreal-lusitanian M. hartmannschroederae has both serrate and spinose chaetae ( Figure 9A,B) .
Obvious differences in the structure of spinose chaetae are present only in species of Aglaophamus. The arctic-atlanto-pacific eurybathic A. malmgreni ( Figure 7A ,B) can be readily distinguished from the more southern Faroe-Icelandic shallow-water A. rubellus ( Figure 7C-E) . The chaetae of the latter have 2-3 times more spines per comb than those of A. malmgreni. Furthermore, the comb spines of A. rubellus are 2-3 times smaller. In SEM photos we can also see a difference between genera. In Aglaophamus the combs are well-separated ( Figure 7A-E) , while in Nephtys the combs are much closer and often overlap ( Figure 7F-H) .
